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|l. Introduction

This Hydrology and Hydraulics Study has been prepared by Ware Malcomb on behalf of the owner/developer of
the project site, Suraj Victorville, LLC. The purpose of this Hydrology and Hydraulics Study is to quantify the
existing and proposed drainage conditions to support the grading and storm drain design by confirming post-
developed runoff does not exceed pre-developed peak flows and justifying there will be no negative impacts to
surrounding and downstream properties. The subject site is located at 16716 Stoddard Wells Road, Victorville,
CA 92394. The site consists of Parcels 1 through 7 totaling an area of approximately 40.812 acres. The site is
bound to the north by Abbey Lane, to the west and the south by neighboring properties, and to the east by
Stoddard Wells Road. Refer to the Vicinity Map in Appendix “A”.

The project will be disturbing approximately 39.813 acres of currently vacant land. The proposed project includes
clearing and grubbing of the existing site to construct a new industrial warehouse building, appurtenant parking
and loading areas, private storm drain improvements, and BMPs for stormwater pollutant control and mitigation
of increases in runoff. The proposed hydrology will mimic the existing hydrology to the maximum extent
practicable, capturing runoff in the proposed condition at the natural outfall location in the existing condition.
The project seeks to detain the increase in runoff volume in the proposed condition for the 10-year 24-hour storm
event as well as the runoff from the 100-year 1-hour storm event via a subgrade infiltration gallery.

Per the City of Victorville Preliminary Priority Project Checklist, the site is a “Priority Project” that will require a
fully executed WQMP during the plan check process, as well as a Maintenance Agreement and Transfer, since
the project involves an industrial development with 200,000+ SF of impervious surface. The project shall comply
with NPDES General Permit requirements.

Il. Site Discussion

i. Site Information and Properties

The site is located in Victorville, CA, with a nearby public storm drain line located on Stoddard Wells
Road. An existing storm drain line runs through the property from an existing culvert alongside Stoddard
Wells Road. The site is located within the Mojave River watershed in San Bernardino County, with runoff
from the site traveling via overland flow into the Mojave River. The site is vacant and barren, with no
impervious surfaces in the existing condition. Per the revised San Bernardino County Hydrology Manual
(1986), the Hydrologic Soils Group Map for the Southcentral Area of San Bernardino County shows that
the project site lies on Hydrologic Soil Group A soils. Additionally, per the USDA Web Soil Survey, the site
contains three distinct soil types: Cajon Sand, Cajon-Arizo Complex, and Villa Loamy Sand. All three soil
types belong to Hydrologic Soil Group A. The soil map can be found in Appendix “B”.

The site is relatively flat, with elevations ranging from over 2740 feet in the northeastern corner of the
site to 2687 feet in the southwestern part of the site. Portions of the site feature steeper slopes in areas
where erosion has occurred over time, but slopes generally range from 2% to 4%.

Percolation and groundwater tests were performed on site by TGR Geotechnical, Inc. Four percolation
tests and ten borings were performed on site. The Geotechnical Investigation Report can be found in

Appendix “J".

The project development is a single development and is not part of a larger development.
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In the proposed condition, the site will feature an 800,000 SF industrial warehouse building in the center
of the site, with loading spaces along its western and eastern sides, and access routes as well as parking
spaces surrounding the building. Access drives will be provided from both Abbey Lane to the north and
Stoddard Wells Road to the east. The site is approximately 86% impervious surfaces and 14% pervious
surfaces.

i.Design Standards

The revised County of San Bernardino Hydrology Manual (1986) was used as guidance for the design of
drainage facilities and to establish criteria for flood protection levels within this project.

iii. Hydrology Software

The CivilCADD/Civil Design (CivilD) Hydrology Software was used for the Rational Hydrology Method &
Unit Hydrograph calculations. The Rational Method Analysis was used to calculate the amount of runoff
produced in the existing and proposed conditions. The Unit Hydrograph Method Analysis produced a
hydrograph for the existing and proposed conditions for both storm events, ultimately providing a total
volume of runoff for each.

iv. Hydraulics Software

The Bentley Systems FlowMaster Hydraulic Calculator was used to preliminarily size the proposed storm
drain pipes located on-site as well as analyze the proposed inlets’ capacities for handling the 10-year
storm event flows.

lll. Rainfall Data

Rainfall data that was utilized for the on-site runoff hydrology analysis was acquired from the revised San
Bernardino County Hydrology Manual (1986). According to the San Bernardino County Hydrology Manual
Isohyetal Maps for Desert Areas (shown in Appendix “D”), the six major storm events provided in the manual
result in the following intensities, which were utilized to perform Rational Method and Unit Hydrograph hydrologic
analyses using the CivilD Hydrologic software:

e 2-year 6-hour storm = 0.80 inches per hour of precipitation

e  2-year 24-hour storm = 1.20 inches per hour of precipitation

e 10-year 1-hour storm = 0.75 inches per hour of precipitation

e 100-year 1-hour storm = 1.20 inches per hour of precipitation
e 100-year 6-hour storm = 2.00 inches per hour of precipitation
e 100-year 24-hour storm = 3.50 inches per hour of precipitation

These rainfall intensities were incorporated into the CivilD Hydrology Software to accurately model the design
storm events: the 10-year 24-hour and 100-year 1-hour storm events. Unit Hydrograph Hydrologic Analyses
were performed using the CivilD Hydrology Software to determine the peak flow and volume of runoff for the
two design storm events. Tables 1 and 2 on the following page illustrate the peak flows and runoff volumes of
the 10-year 24-hour and 100-year 1-hour storms in the existing and proposed conditions, respectively. Table 3
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demonstrates the increase in runoff volume in the proposed condition for the design storm events, which
served as the basis for the sizing of the proposed subgrade infiltration gallery. Refer to Appendixes “G” & “H” for
Unit Hydrograph calculation outputs from the CivilD Hydrologic Software.

Table 1: Existing Condition Unit Hydrograph Results

Existing Condition - Peak Flow and Runoff Volume
Q10 (CFS) Q100 (CFS) V1o (CF) V100 (CF)
24-HR 1-HR 24-HR 1-HR
54.38 103.88 119,616 15,382

Table 2: Proposed Condition Unit Hydrograph Results

Proposed Condition - Peak Flow and Runoff Volume
Q10 (CFS) Q100 (CFS) V1o (CF) V100 (CF)
24-HR 1-HR 24-HR 1-HR
88.29 149.70 247,996 18,749
Table 3: Runoff Volume Deficit Summary
AV1o (CF) AV100 (CF)
24-HR 1-HR
Deficit Deficit
128,380 3,367

IV. On-Site Runoff

i. Existing Condition Drainage Pattern

The existing project site consists of undeveloped barren land with minimal vegetation. Stormwater from
the site sheet flows westerly and eventually discharges in the direction of the Mojave River. The outfall
is located on the western edge of the site, where stormwater travels via overland flow. In the existing
condition, there are three drainage areas: DMA A, DMA B, and DMA C. DMA A, DMA B, and DMA C
encompass the entire site, and they consist of undeveloped barren areas that will be disturbed. The
resulting study area is 39.813 acres.

The Existing Hydrology Exhibit can be found in Appendix “E”. The values calculated in the Rational Method
and Unit Hydrograph Analyses via the CivilD Hydrology Software have been tabulated in the exhibit,

including the runoff flows and volumes associated with each drainage subarea.
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ii.Proposed Condition Drainage Pattern

The proposed condition features 9 drainage areas: DMA A1 (with initial area), DMA A2, DMA A3, DMA
A4, DMA B1 (with initial area), DMA B2, DMA B3, DMA B4, and DMA B5. DMA A1, DMA A2, DMA A3, and
DMA A4 include the northern and western regions of the proposed parking lot, as well as the western
half of the proposed warehouse building. DMA B1, DMA B2, DMA B3, DMA B4, and DMA B5 include the
eastern and southern regions of the proposed parking lot, as well as the landscaped areas along
Stoddard Wells Road and the eastern half of the proposed warehouse building. The runoff from DMA A1
through A4 and DMA B1 through B5 will drain into proposed inlets, and eventually be conveyed via a
proposed underground storm drain system, which discharges into a proposed subgrade infiltration
gallery near the southwestern corner of the site. Overflow from the basin will discharge at the site’s
outfall to grade, as in the existing condition.

The subgrade infiltration basin is designed to detain the increase in the 10-year 24-hour design storm
runoff volume of 128,380 cubic feet as well as provide detention of the increase in the 100-year 1-hour
storm event runoff volume of 3,367 cubic feet.

The Proposed Hydrology Exhibit can be found in Appendix “F”. The values calculated in the Rational
Method and Unit Hydrograph Analyses via the CivilD Hydrology Software have been tabulated in the
exhibit, including the runoff flows and volumes associated with each drainage subarea. Additionally, the
exhibit features a preliminary storm drain facility design with associated catch basin and pipe invert
elevations, sizes and materials.

iii. Rational Method Peak Flows

The Existing and Proposed Hydrology Exhibits provided in this report demonstrate the drainage areas
that were prorated to generate conservative flows for the site. Hydrologic computations were performed
to determine the 10-year and 100-year storm peak discharges, utilizing the Rational Method of San
Bernardino County as a drainage basis. The variables taken into consideration in the computation
include rainfall, soil type, and land use (cover type) conditions - characteristics of flow conveyance and
time of concentration.

The soil map provided by the USDA Web Soil Survey indicates Hydrologic Soil Group “A” soils throughout
the site. HSG A soils typically have high infiltration rates. The model uses this assumption in the
determination of the site runoff in the existing and proposed condition.

Per the site-specific percolation testing, a subgrade infiltration is proposed to mitigate the increase in
runoff.

See Tables 4 and 5 below for the tabulation of the existing condition and proposed condition drainage
areas, their times of concentration, flow rates, and prorated volumes detained in the proposed subgrade
infiltration gallery, respectively. There are no impervious surfaces in the existing condition.
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Table 4: Existing Condition Rational Method Results

Drainage Area | Tcio (MIN) | Tcioo (MIN) Q10 (CFS) Q100 (CFS)
Area (acres) 1-HR 1-HR 1-HR 1-HR
DMA A 0.125 6.318 6.318 0.343 0.620
Initial
DMA A 9.727 11.710 9.460 9.960 23.913
DMA A
TOTAL 9.852 18.028 15.778 10.303 24.533
(STREAM 1)
[I)r':/ilt?a? 0.165 4974 4974 0.551 0.975
DMA B 10.053 9.990 8.160 12.363 28.311
DMA B
TOTAL 10.218 | 14.964 13.134 12.913 29.286
(STREAM 2)
DMAC
. 0.106 5.977 5.977 0.304 0.548
Initial
DMAC 19.637 | 12.360 9.940 19.970 48.280
DMAC
TOTAL 19.743 | 18.337 15.917 20.274 48.828
(STREAM 3)
Total after
Confluence | 39.813 | 14.965 13.139 43.606 99.509
of Streams

Table 5: Proposed Condition Rational Method Results

Drainage Area Tcio Tc1o00 Q1o Q100 V1o V100 Imbervious
Area (acres) (MIN) (MIN) (CFS) (CFS) (CF) (CF) PerF::enta e
1-HR 1-HR 1-HR 1-HR 24-HR 1-HR g

DMA Al
Initial

0.149 | 3.688 3.688 0.696 1.123 481 13 68.20%

DMA A1 0.879 | 2.110 1.870 2.774 4.676 2,834 74 87.31%

DMA A2 1.562 | 1.802 1.580 3.728 6.437 5,037 133 74.90%

DMA A3 2.750 | 0.940 0.840 6.444 | 11.081 8,868 233 93.07%
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DMA A4 11.043 | 1.760 1.570 22.882 | 39.643 | 35,609 934 94.96%
DMA A
TOTAL 16.383 | 10.300 9.540 36.523 | 62.960 | 52,829 | 1,387 92.08%
(STREAM 1)
DMA B1
Initial 0.049 | 2.583 2.583 0.295 0.475 158 4 0.00%
DMA B1 4.880 | 1.330 1.170 21.760 | 36.213 15,736 413 78.26%
DMA B2 8.257 | 1.240 1.090 26.420 | 45.257 26,625 698 88.48%
DMA B3 5.510 | 0.840 0.730 13.171 | 23.219 17,767 466 85.82%
DMA B4 1.440 | 1.640 1.430 0 0 4,643 122 84.56%
DMA B5 3.290 | 0.400 0.350 2.616 5.784 10,609 278 57.84%
DMA B
TOTAL 23.426 | 8.030 7.360 64.262 | 110.949 | 75,551 | 1,981 81.00%
(STREAM 2)

Total 39.813 | 8.031 7.364 98.370 | 169.39 | 128,380 | 3,367 85.55%
The Rational Method via CivilD Hydrology software derived the following total flow rates for the existing
and proposed conditions (see Appendices “G” and “H” for detailed tabulations):

Area Q1o Q100
(acres) (CFS) (CFS)
Existi
XISUNg | 39,813 43.606 99.509
Condition
P d
roPose | 39.813 98.370 169.390
Condition
% Change 126% 70.2%
The existing condition calculations model the entire study area discharging at the site’s outfall on the
western boundary. The proposed subgrade infiltration gallery will be sized to reduce peak flows to be
less than or equal to the existing condition peak flows.
iv. Hydraulic Analysis - Design of Storm Drain Facilities

The CivilD Hydrologic Software provided estimated storm drain pipe sizes as part of the Rational

Method calculations. The project’s inlets and storm drain pipes will be sized to convey the 10-year 24-
hour storm event flows. The following table was utilized as a guide for determining on-site storm drain
pipe sizes assuming full flow capacities with a roughness coefficient of 0.013 and pipe slope of 0.5%.

See Appendix “I” for Hydraulic calculations. StormCAD results will be provided in the final design to
support the conveyance of the design storm event flows in the proposed storm drain system.
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Pipe Size Full FI(_)W
(inches) Capacity
(cfs)
8 0.085
12 2.52
18 7.43
24 16.00
36 47.16
48 101.57

v. Subgrade Infiltration Gallery Design

The proposed subgrade infiltration gallery will provide detention for the increase in the 10-year 24-hour
storm event. It was conservatively sized to infiltrate the difference between the pre-and post-
development 10-year, 24-hour storm peak runoff volumes, which is 128,380 cubic feet, within 48 hours.
The proposed subgrade infiltration gallery unit is an ADS MC-3500 Stormtech Chamber System, and it
has a provided volume of 129,361 cubic feet. The ADS MC-3500 Stormtech Chamber System is 85.1
feet wide by 440.24 feet long by 5.5 feet deep, and it is comprised of 12 rows of chambers with 716
individual chamber units. The system contains a stone layer with a porosity of 40%, which also
contributes to the storage capacity of the unit along with the chambers. This system encourages
detention and infiltration of on-site stormwater runoff while reducing the peak flow of the design storm
event. The hydraulic grade line of the system is at an elevation of 2696.70'. Details, calculations and
specfiications for the proposed subgrade infiltration gallery can be found in Appendix “K”.

As the larger peak runoff volume difference from 10-year, 24-hour storm event will be mitigated, it can
be assumed that the smaller 100-year, 1-hour storm event peak runoff volume difference will be
mitigated as well. In the final design, a flood routing analysis will be performed to verify that the subgrade
infiltration gallery reduces the peak flow of the design storm event in the proposed condition.

V. Off-Site Runoff

There is an existing culvert along the eastern boundary of the property that conveys offsite flow from
Stoddard Wells Road into the site as channel flow in the existing condition. The offsite flow discharges at
an outfall along the southern property line.

Although the off-site flow rate is unknown and no formal analyses have been performed to determine this
value, the runoff from this source has been accounted for in the on-site runoff analysis and hydrologic
calculations. The off-site runoff will be piped along the southern property line to prevent comingling of off-
site and on-site runoff and to mimic the hydrologic conditions of the pre-developed site.
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VI. Stormwater Treatment

The site’s stormwater runoff will be treated by the proposed subgrade infiltration gallery, which not only
mitigates for peak flow reduction and detention of the 10-year 24-hour storm event runoff volume deficit,
but also infiltrates the Design Capture Volume (DCV) for water quality purposes. The calculated DCV value
which will be infiltrated is equal to 88,932 cubic feet. The proposed subgrade infiltration basin has an
adequate storage capacity equal to 129, 361 cubic feet. A Preliminary Water Quality Management Plan
(WQMP) has been prepared to demonstrate the proposed strategy for on-site stormwater treatment. Refer
to the Preliminary WQMP for further details and calculations regarding on-site stormwater treatment.

The property owner, Suraj Victorville, LLC, will contract with a third-party maintenance group or be directly
responsible for the long-term maintenance of WQMP sstormwater facilities/BMPs for the privately-owner
property. The property owner shall be responsible for BMP operation and maintenance until the property is
transferred or sold.

VIl. Conclusion

The results of this study show that the proposed condition will detain the increase in the 10-year 24-hour
storm event volume, as well as the 100-year 1-hour storm event volume. It will also reduce the 10-year 24-
hour and 100-year 1-hour peak flow rates using the proposed subgrade infiltration gallery’s detention
capacity. Drainage facilities will be sized to convey storm flows for the 10-year 24-hour storm event. The
runoff from the 10-year 24-hour and 100-year 1-hour storm events will pond in proposed infiltration basin
before eventually discharging via an overflow pipe that connects to the existing outfall at the western
boundary. The proposed on-site stormwater network will provide adequate retardation of runoff flow to
mitigate any increase in peak flow or discharge in the proposed condition. The final design of the site will
incorporate additional flood routing and storm drain facility analyses to further support the overall
stormater network design.

VIll. Appendices
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Appendix A - Vicinity Map
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Appendix B - Soil Map
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Appendix C - NOAA Atlas 14
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Appendix D - San Bernardino County Hydrology
Manual Isohyetal Maps - Desert Area
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Appendix E - Existing Condition Hydrology Exhibit
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Appendix F - Proposed Condition Hydrology Exhibit
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Appendix G - Existing Condition Hydrologic
Calculations (Rational Method, Unit Hydrograph)
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Appendix H - Proposed Condition Hydrologic
Calculations (Rational Method, Unit Hydrograph)
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Appendix | - Hydraulic Analysis Calculations
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Appendix J - Percolation Test Report
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Appendix K - Subgrade Infiltration Gallery Details,
Calculations and Specifications
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